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The use of pre-emergence herbicides in cassava decreases the need
of manual weeding1
Weed management consists of a fundamental practice in cassava, with mechanical and chemical control widely
used. The objective of this work was to evaluate the efficacy of pre-emergence herbicides, as well as to determine the
interaction of these with weeding complementation in the weed management in cassava. Two experiments were conducted
in Junqueiro (Alagoas). In 2015/16, the experimental design was based on randomized blocks, with treatments distributed
in a split-split-plot scheme, with four replications. In the main plot, four pre-emergence associations of clomazone +
flumioxazin in different doses were evaluated, in addition to a control without herbicide. In the subplots, the Caravela
and Pretinha cassava cultivars were evaluated, while in the sub-subplots the control complementation was evaluated
using or not the manual weeding. In the 2016/17, the plot design and layout remained the same as for 2015/16, except
for the composition of the herbicide treatments, since the standardization of clomazone dose has been chosen, varying
only the doses of flumioxazin. The association of clomazone and flumioxazin has shown efficacy in weed control, with
a greater residual as higher doses are used. This association provided higher shoot and root yield. Weeding
complementation along the cassava cycle can increase its yield.
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INTRODUCTION
Cassava (Manihot esculenta) possesses a high
socioeconomic importance in Brazil, since its commercial
exploitation, whether in family farming or in a business
system, generates jobs and constitutes an important
source of income for producers who are involved in its
production (Santiago et al., 2018). The wide adaptation
that cassava displays in relation to its cultivation in the
different regions of the country is due to the fact that
Brazil is designated as the center of origin of the specie
(Vieira et al., 2011).
Throughout the crop cycle, a series of factors can
negatively influence the development of the plants, which
are subdivided into those of abiotic origin, which are related
to the edaphoclimatic factors occurring during cassava
cultivation, and those of biotic origin, where infection by
disease-causing microorganisms, pest occurrence and weed
interference are listed. In relation to the biotic factors, it is
worth noting that the coexistence of the crop with the weed
community has been the main limiting factor for obtaining
high yields in the Brazilian cassava cultivation
(Albuquerque et al., 2008, Pereira et al., 2012).
In areas where the weed growth in cassava fields is
not controlled, yield reductions can reach values close to
70% (Peressin & Carvalho, 2002). It is worth mentioning
that the reduction of cassava production will depend on
factors related to the crop, such as line spacing, planting
density and cultivar, as well as the weed species present
in the area. In addition to the reduced production of cas-
sava roots due to interference from the weed community,
the damage caused by weeds is also observed in the crop
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shoot, with the lower accumulation of dry mass, which
compromises the photosynthetic process and reduces the
amount of vegetative material to be used in new planting
(Oliveira et al., 2010).
In this context, the weed management in cassava crop
is highly required, where the possibility of integration of
different control methods can provide reductions in the
cost of implementing the management, in addition to making
the production environment more sustainable. There are
still, in several places in the country, cassava crops in which
weed control is exclusively performed by manual weeding,
especially in those regions where subsistence agriculture
is largely employed (Silva et al., 2012b). However, in recent
years, due to the scarcity of labor and the high cost to use
this method, many producers have adhered to the chemical
control, through the application of herbicides, since this
practice is easier to be performed.
Unlike other cultivated species, in which the use of
herbicides in post-emergence is the most employed way
of controlling weed community, the main modality
employed in the chemical control of weeds in cassava has
been pre-emergent herbicide applications (Silva et l.,
2012a, Santiago et al., 2018). The variation in the
positioning of herbicides in cassava crops is mainly due
to the low number of herbicides registered for post-
emergence application of the crop, especially those with
spectrum on dicotyledons, as well as the good selectivity
that these active ingredients present when applied in cas-
sava pre-emergence (Silva et al., 2014, Brazil, 2018).
In order to implement integrated weed management in
cassava production, one possibility would be the use of
pre-emergent herbicides, with possible supplementation
employing manual weeding after the emergence of cassa-
va plants. In this management system, the residual weed
control, would be achieved, reducing the initial
interference on the crop, and in the phase where it is most
sensitive to the phytotoxic action of the herbicides, ma-
nual weeding would help in reducing the negative effect
of the community weed on cassava plants.
In this way, the objective of this study was to evaluate
the effectiveness of the association between clomazone
and flumioxazin in pre-emergence control of weeds in the
cassava crop, as well as to evaluate the interaction of this
herbicide combination with the complementation with ma-
nual weeding.
MATERIAL  AND METHODS
Two experiments were conducted in adjacent areas
located in the municipality of Junqueiro (Alagoas, Brazil),
one in the 2015/16 season and another during the 2016/17
season. The geographic coordinates of the area where
the experiments were installed are 09º55’31” S, 36º28’33”
W and 175 m altitude. The predominant climate in the
municipality is the type As (Köppen classification), which
is characterized as a tropical climate with a dry season
(savannah climate), presenting a dry season in summer
and rainfall in autumn/winter. The annual average
temperature and precipitation is 23.7 ° C and 1034 mm,
respectively (Climate-Data, 2018). The precipitation data
observed during the conduction of the experiments in both
agricultural crops are presented in Figure 1.
The soil of the experimental area was classified as Red-
Yellow Argisol (Embrapa, 2013). Before the installation of
the experiments, soil samples were taken from the experi-
mental areas, and presented the following physicochemical
characteristics: 1) 2015/16 season: pH in H
2
O of 5.0; 2.5
mol
c
 dm-3 of H+ + Al +3; 0.37 cmol
c
 dm-3 of Al +3; 0.7 cmol
c
dm-3 of Ca+2; 0.5 cmol
c
 dm-3 of Mg+2; 29 mg dm-3 of K+; 24
mg dm-3 of P; 0.71% of organic matter.; 185 g kg-1 of clay,
114 g kg-1 of silt, 701 g kg-1 of sand (sandy loam texture). 2)
2016/17 season: pH in H
2
O of 6.2; 2.6 cmol
c
 dm-3 of H+ +
Al +3; 0.11 cmol
c
 dm-3 of Al +3; 0.8 cmol
c
 dm-3 of Ca+2; 0.4
cmol
c
 dm-3 of Mg+2; 38 mg dm-3 of K+; 28 mg dm-3 of P;
0.22% of organic matter.; 166 g kg-1 of clay, 241 g kg-1 of
silt, 593 g kg-1 of sand (sandy loam texture).
Prior to the planting, the soil was prepared by means
of a plowing followed by two harrows. After soil
preparation, furrows of 15 cm depth were mechanically
opened, spaced 1.0 m apart. For the planting, 20 cm
maniocs were used, positioned 10 cm depth, spacing one
from the other at 60 cm in the planting line. In the planting,
fertilization was performed in the furrow using the
equivalent of 18 kg ha-1 of urea (45% of N) + 70 kg ha-1 of
potassium chloride (60% of K
2
O). A cover fertilization was
also performed at 45 days after planting, providing the
equivalent of 73 kg ha-1 of urea (45% N). The techniques
described for soil preparation, planting, basic fertilization
and cover fertilization were used in both experiments.
The first experiment was installed on June 15, 2015.
The experiment was based on a complete randomized
block design, with treatments distributed in a split-split-
plot scheme, with four replications. In the main plot, four
associations of the clomazone and flumioxazin herbicides
applied in cassava pre-emergence (540 + 40; 1080 + 80;
1620 + 120; 2160 + 160 g ha-1) were evaluated, in addition
to a control without herbicide application during the whole
cycle. In the subplots, two cassava cultivars that present
a wide area of planting in the Agreste of the Alagoas,
Caravela and Pretinha cassava were evaluated. In the sub-
subplot it was evaluated the complementation, and the
bsence of it, of weed control by three manual weeding,
the first one being at 50 days after planting (DAP), the
second at 100 DAP and third at 150 DAP.
The sub-subplots had four lines planted with 6 m long
cassava roots, which were spaced apart at 1.0 m (total area
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= 24.0 m2). The useful area for evaluation corresponded to
the two central lines, subtracting 0.5 m from the initial and
final end of the sub-subplot (useful area = 10 m2).
The second experiment was installed on July 13, 2016.
The experimental design, as well as the arrangement of
the plots were the same of that described before for the
first experiment. The only exception was the composition
of the herbicide treatments evaluated in the main plot, as
it was decided, in the second experiment, by the
standardization of the clomazone, varying only the dose
of flumioxazin, since the main problem of weeds in cassa-
va in the investigated region are the broad leaves. The
herbicide treatments evaluated in the second experiment
were composed by the association between clomazone at
a constant dose (1260 g ha-1) nd flumioxazin at doses of
40, 80, 120 and 160 g ha-1. For subplots and sub-subplots,
the performed evaluations followed the same description
presented for the first experiment.
The applications of the treatments in both experiments
were performed one day after the planting of cassava,
consisting, therefore, in pre-emergence applications of
the cassava crop and of the weeds. For all applications, a
constant pressure sprayer was used, equipped with a bar
with eight XR 110.02 (fan-type) tips, spaced 0.5 m apart,
providing an application volume equivalent to 160 L ha-1.
In both experiments, the visual percentage of weed
control was evaluated at 80 and 100 days after application
of the herbicides (DAA), in the first experiment, and at 30
and 95 DAA, in the second experiment. In these
evaluations, infestation of the area based on weed
samplings in the control without herbicide and without
weeding was used as a reference. The types of weed
evaluated in the first study were Benghal dayflower
(Commelina benghalensis), Indian heliotrope
(Heliotropium indicum), Largeflower Mexican clover
(Richardia grandiflora) and “erva-palha” (Blainvillea
rhomboidea); and in the second experiment C.
benghalensis, “malva-rasteira” (Pavonia cancellata),
Perennial Pigweed (Amaranthus deflexus), R. grandiflora,
B. rhomboidea, “mussambê” (Cleome affinis) and sida
(Sida spp.). In the control evaluation, a percentage scale
(0-100%) has been employed, where 0% means absence
of symptoms and 100% denotes for the death of all plants
(SBCPD, 1995). For the control efficacy results, the average
results promoted by the herbicide treatment were
presented, excluding the factors cassava cultivar and
complementation with manual weeding.
The crop phytotoxicity was evaluated in both
experiments at the same dates of the weed control
evaluations, by means of a percentage scale, in which 0%
means absence of symptoms and 100% denotes for death
 the plants. In this evaluation, the complementation with
m nual weeding was again not considered. At the time of
h vesting, which occurred 15 months after the beginning
of the experiments, the following response-variables were
evaluated: plant shoot green weight (Mg ha-1) nd cassa-
va root yield (Mg ha-1).
Statistical analyzes were performed using the Sisvar
software (Ferreira, 2011). All data were submitted to analysis
of variance. When a significant effect was observed between
the tested factors or between the levels of each factor, the
means were compared by the LSD Fisher test (p < 0.05).
Figure 1: Precipitation data (mm) during the period of conduction of the experiments. Junqueiro (Alagoas, Brazil), 2015/16 and
2016/17.
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RESULTS AND DISCUSSION
The results of weed control evaluations caused by
treatment with pre-emergence herbicides on cassava are
presented in Tables 1 and 2, which presents data for the
2015/16 and 2016/17 seasons, respectively. In the first case,
the association between clomazone and flumioxazin, in
the two highest evaluated dosages, consisted of the
treatments that promoted the most prominent control levels
on C. benghalensis, and this result persisted up to 100
DAA (Table 1).
Regarding the species R. grandiflora and B.
rhomboidea, it was found that all clomazone and flumioxazin
combinations were effective in the control of these weeds,
regardless of the dose of each herbicide employed in the
combination (Table 1). Regarding H. indicum, although all
doses of the combination between clomazone and
flumioxazin provided control levels above 80% until the
100 DAA, it was verified that the use of these herbicides in
doses higher than 1080 + 80 g ha-1, for clomazone and
flumioxazin, respectively, has provided better management
performance of the above-mentioned weed.
In the experiment conducted in the 2016/17 season,
for the C. benghalensis, P. cancellata, R. grandiflora,
B. rhomboidea and Sida sp. species, it can be seen at
30 DAA that there was no statistical difference between
the combinations of clomazone + flumioxazin, regarding
the performance in the control of these weeds (Table
2). It is worth mentioning that, despite the similarity in
terms of the efficacy of the different treatments in the
control of these species, for C. benghalensis and P.
cancellata, the association between clomazone and
flumioxazin at the lowest dose (1260 + 40 g ha-1) have
not reached 80% of weed inhibition, a threshold
considered as a limiting percentage for herbicide
registration in Brazil (SBCPD, 1995).
Regarding the evaluation performed at 30 DAA, the
two highest doses of the association between clomazone
+ flumioxazin displayed superior performance in the control
of C. affinis when compared to the treatment in which
these herbicides were applied at lower doses (Table 2).
In the final control evaluation performed at the 95 DAA,
it was verified that, for the species C. benghalensis, B.
rhomboidea, and C. affinis, there were no differences in
the performance of the herbicide associations at different
doses aiming at the suppression of these weeds (Table 2).
However, for C. benghalensis, the obtained control levels
were lower than those considered acceptable for the
chemical management of the weed community in the cas-
sava crop, especially in the three lower doses of the
association between clomazone + flumioxazin.
For the A. deflexus, no difference has been observed
between herbicide treatments, since all the proportions of
the association between clomazone and flumioxazin were
able to inhibit the emergence of this weed in the treated
plots (data not shown).
In relation to the results of the 2016/17 season for P.
cancellata, the pre-emergence application of the
association between clomazone (1260 g ha-1) nd
flumioxazin (120 or 160 g ha-1), resulted in the best
combination for the control of the weed (Table 2). Finally,
for R. grandiflora and Sida sp., all the combinations
between the herbicides demonstrated the potential to be
used in the residual management of these species in cas-
sava plantations, except for the lowest dose of the
association between clomazone + flumioxazin (Table 2).
Table 1: Control percentage of different weed species infesting the cassava crop. Junqueiro (Alagoas, Brazil), 2015/16
                               Control (%) – 80 DAA
C. benghalensis R. grandiflora B. rhomboidea H. indicum
Clomazone + flumioxazin (540 + 40) 64 b   91 a   93 a   85 b
Clomazone + flumioxazin (1080 + 80) 68 b   93 a   94 a    94 ab
Clomazone + flumioxazin (1620 + 120) 86 a   95 a   98 a   98 a
Clomazone + flumioxazin (2160 + 160) 90 a 100 a 100 a 100 a
Control without herbicide   0 c     0 b     0 b     0 c
CV (%) 10.4   12.9     8.9   10.3
                              Control (%) – 100 DAA
C. benghalensis R. grandiflora B. rhomboidea H. indicum
Clomazone + flumioxazin (540 + 40) 63 b   89 a   85 a 83 b
Clomazone + flumioxazin (1080 + 80) 67 b   90 a   86 a   89 ab
Clomazone + flumioxazin (1620 + 120) 85 a   94 a   96 a   96 ab
Clomazone + flumioxazin (2160 + 160) 88 a 100 a 100 a 99 a
Control without herbicide   0 c     0 b     0 b   0 c
CV (%) 14.6   13.3   17.7 13.9
Results followed by the same letters in the column do not differ from each other according to the Fisher LSD test (p < 0.05).
Tr eatment (g ha-1)
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Comparing the control performances obtained by the
association of the clomazone and flumioxazin herbicides
in the two crops in which the experiments were conducted,
it was verified that for a greater residual control, it is
necessary to use higher doses of clomazone for some
species, as can be observed for C. benghalensis. The
efficacy of clomazone in the pre-emergence management
of the above-mentioned weed has already been reported
in the literature, for potato crop, however it has been
shown a low extent of residual control of the weed due to
the employed herbicide doses (Luz et al., 2018). In cassa-
va crop, which tolerates higher doses of clomazone, the
efficacy of this compound against C. benghalensis has
already been observed, when the herbicide is associated
with flumioxazin, metribuzin or ametryn (Costa et al., 2015,
Santiago et al., 2018).
In the 2015/16 season, no symptoms of
phytointoxication of cassava were observed due to the
application of pre-emergence herbicides (data not shown).
On the other hand, in the experiment conducted in the
following season (2016/17), injuries caused by phytotoxic
action of herbicides in all treatments at 30 DAA were
observed, especially those in which higher flumioxazin
doses were used, associated with clomazone, which
caused more pronounced symptoms in cassava plants
(Table 3). At 95 DAA, herbicide injures were no longer
observed.
The above-mentioned behavior may be attributed to
differences in rainfall distribution between the two crops
in which the experiments were conducted. Although
during the 2016/17 crop it was observed a higher
precipitation volume than in the previous season
considering the whole crop cycle, during the first month
of cassava development, there was a lower amount of rain
(≅ 60% lower) if compared with the 2015/16 season (Figure
1). This fact may have contributed to a slower degradation
of the herbicides, which contributed to the occurrence of
injuries in the cassava seedlings.
Still in relation to the phytointoxication levels observed
i  he 2016/17 season, it is verified in the evaluation carried
out at 30 DAA, that regardless of the planted cassava
cultivar, as the applied dose of flumioxazin combined with
clomazone was increased, greater injuries were found. This
information demonstrates that even flumioxazin shows
s lectivity for cassava crop (Santiago et al., 2018), caution
should be exercised when recommending higher doses of
his herbicide. Comparing the tolerance between the two
cassava cultivars, apparently, the cultivar “Caravela”
demonstrates to show a little more tolerance than “Preti-
nha”, since there was a differential response in the two
ighest doses of the association between clomazone +
flumioxazin.
Table 4 presents the data of the shoot dry weight of
assava plants, observing that, in this case, a significant
ffect of the isolated factors evaluated in the experiments
was observed in both seasons. In relation to the effect of
the association between clomazone + flumioxazin, in the
2015/16 season, the combination of these herbicides in
the two higher doses, provided greater accumulation of
dry weight in relation to the plants that were studied in
he plots where the two lower doses of the herbicide
combinations were applied.
Nevertheless, in all cases where pre-emergence
herbicides in cassava were used, higher dry weight values
were observed, if compared with the control sample. This
fact demonstrates the importance of the use of residual
Table 2: Control percentage of different weed species infesting the cassava crop. Junqueiro (Alagoas, Brazil), 2016/17
                 Control (%) – 30 DAA
C. benghalensis P. cancellata R. grandiflora B. rhomboidea C. affinis Sida sp.
Clomazone + flumioxazin (1260 + 40)   75 a   75 a   89 a 100    92 c    93 a
Clomazone + flumioxazin (1260 + 80)   86 a   80 a   96 a 100    93 bc    97 a
Clomazone + flumioxazin (1260 + 120)   89 a   80 a   96 a 100    97 ab   97 a
Clomazone + flumioxazin (1260 + 160) 100 a 100 a 100 a 100 100 a 100 a
Control without herbicide     0 b     0 b     0 b 0     0 d    0 b
CV (%)   26.2   25.3   11.4 -     4.1    9.6
                     Control (%) – 95 DAA
C. benghalensis P. cancellata R. grandiflora B. rhomboidea C. affinis Sida sp.
Clomazone + flumioxazin (1260 + 40) 73 a 59 c   84 b   90 a 85 a 74 b
Clomazone + flumioxazin (1260 + 80) 73 a   65 bc    90 ab   90 a 85 a 82 b
Clomazone + flumioxazin (1260 + 120) 75 a   84 ab    91 ab   93 a 95 a   87 ab
Clomazone + flumioxazin (1260 + 160) 82 a 94 a 100 a 100 a 95 a 97 a
Control without herbicide   0 b   0 d    0 c     0 b   0 b   0 c
CV (%) 15.0 25.1 11.7   10.8 12.0 13.5
Means followed by distinct lowercase letters in the column differ according to the Fisher LSD test (p < 0.05).
Tr eatments (g ha-1)
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herbicides in order to reduce the interference of the weed
community in the crop. As for the 2016/17 season, no
significant difference was observed between the doses
evaluated for the association between clomazone and
flumioxazin.
Regardless of the season in which the experiments
were conducted, it was observed that the cassava culti-
var “Pretinha” had a higher shoot dry weight than the
cultivar “Caravela” (Table 4). This behavior may be related
to variations in the morphophysiological characteristics
between the two cultivars. In a previous study
conducted by Santiago et al. (2018), it was observed
that the cultivar “Pretinha” presented lower sensitivity
to weed interference if compared with “Caravela”, which
has been attributed to the more vigorous growth that
the former cultivar presents. This may be one of the
reasons to explain the higher shoot dry weight values
for the cultivar “Pretinha”.
Finally, cassava plants developed in the plots that
received manual weeding complementation had higher
values of dry weight in comparison with those in which
this type of management of the weed community was not
used. In the literature, there are reports that weed
interference in cassava not only affects root yield, but
also limits the growth of plant shoots (Silva et al., 2012b).
Such observation strengthens the need to manage the
weed community in cassava crop, so that this practice
hould be carefully employed by producers, since the
shoots of cassava provide material for vegetative
propagation in new plantations, besides being used for
the production of fodder for the use in animal feed
(Albuquerque et al., 2008).
For root yield, no effect of triple interaction between
herbicide, cultivars and complementation of weed control
in post-emergence has been observed. The only seen
effects were those of the interaction between the
Table 3: Percentages of phytointoxication of cassava plants as a function of herbicide application in pre-emergence of the crop.
Junqueiro (Alagoas, Brazil), 2016/17
                              Phytointoxication (%)
Tr eatment (g ha-1)                                  30 DAA                                  95 DAA
Caravela Pretinha Caravalea Pretinha
Clomazone + flumioxazin (1260 + 40)   9.5 Ad 10.3 Ad 0 0
Clomazone + flumioxazin (1260 + 80) 14.8 Ac 16.0 Ac 0 0
Clomazone + flumioxazin (1260 + 120) 20.5 Bb 23.3 Ab 0 0
Clomazone + flumioxazin (1260 + 160) 25.0 Ba 30.3 Aa 0 0
Control without herbicide   0.0 Ae   0.0 Ae 0 0
CV (%)                                16.2 -
Means followed by distinct uppercase letters in the row and lowercase letters in the column differ according to the Fisher LSD test (p <
0.05).
Table 4: Shoot dry weight as a function of the weed management applied in the cassava crop. Junqueiro (Alagoas, Brazil), 2015/16
and 2016/17
Shoot dry weight (Mg ha-1)
Tr eatments (g ha-1) 2015/16 Tr eatments (g ha-1) 2016/17
Clomazone + flumioxazin (540 + 40) 10.6 b Clomazone + flumioxazin (1260 + 40)   6.3 ab
Clomazone + flumioxazin (1080 + 80) 11.0 b Clomazone + flumioxazin (1260 + 80)   7.7 a
Clomazone + flumioxazin (1620 + 120) 13.1 a Clomazone + flumioxazin (1260 + 120)   7.1 a
Clomazone + flumioxazin (2160 + 160) 13.2 a Clomazone + flumioxazin (1260 + 160)   7.8 a
Control without herbicide   6.1 c Control without herbicide   5.0 b
Cultivars
Caravela 10.2 b   6.1 b
Pretinha 11.5 a   7.4 a
Complementation with manual weeding
Manual weeding 12.1 a   7.4 a
No manual weeding   9.6 b   6.1 b
CV
average
 (%) 23.5 32.1
Means followed by distinct lowercase letters in the column differ according to the Fisher LSD test (p < 0.05).
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treatments applied in pre-emergence and the
complementation with manual weeding (Table 5). The
behavior described above was observed in both
agricultural seasons in which the experiments were
performed.
In the 2015/16 season, it was observed that, regardless
of the presence or absence of manual weeding
complementation after emergence of cassava, when the
association between the herbicides clomazone +
flumioxazin was used, higher cassava root production was
observed (Table 5). It is also important to highlight the
use of higher doses of herbicides (2160 + 160 g ha-1) in the
plots where the manual weeding was not performed. Such
herbicide treatments have demonstrated superiority over
the one in which it was used the lowest dose of association
between clomazone and flumioxazin (540 + 40 g ha-1).
In the first season, the effect of complementing the
management of the weed community with manual weeding
was observed, and this practice is fundamental when
employing the two lower doses of the combination of
clomazone + flumioxazin (Table 5). In addition, it was
verified that the use of manual weeding to control weeds,
without the use of herbicides in pre-emergence of the crop,
was able to provide an increase in yield equivalent to 13
Mg ha-1.
In the 2016/17 season, it has been observed a distinct
behavior in relation to the first experiment, especially in
relation to the treatments in which weeding
complementation was performed in the control of the weed
community. In these treatments, the use of pre-emergence
herbicides of cassava have not provided increase in root
yield in relation to the control where only manual weeding
was performed.
CONCLUSIONS
The association between clomazone and flumioxazin
have shown broad efficacy in the chemical management
of weeds in cassava crop, with a greater extent of residual
control as higher doses are used.
The use of the combination between clomazone and
flumioxazin herbicides provides higher values of dry shoot
weight and root yield, regardless of the dose used in this
combination, when compared to the control studies.
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